Abstract: Meteorological data from 80 meteorological stations, data on per unit area yield of corn and rice from 38 stations in Heilongjiang province were used, current research results and the recognized agrometeorological index were referred to determine calculations on cold day index (CDI) during growth period of crops (May 20 to September 30), mathematical statistics methods were used to study the trends of CDI, so as to analyze its correlation with crop yield. The results showed that: (1) from the year 1971-2014, 1972 and 1976 were typical years with cold days. CDI could accurately indicate the difference of low temperature among different years. (2) From 1971-2014, average CDI of crop growth period within research area declined significantly, with a rate of 1.5d/10a.The high incidence of cold day events lied in 1970s, and declined from 1980s to 1990s; continued decreasing since 21st century, no change or rebound occurred in mountain area. (3) During research period, the spatial distribution of CDI within research area presented a trend of more in north and less in south, more in mountain area and less in plains, with CDI declining from north to south, mountain area to plains. (4) Within growth period, CDI of 89 % of stations within research area has obvious or extremely obvious negative correlation with per unit area yield of corn and rice. When CDI increased, the per unit area yield of corn and rice will decline at different extent, indicating the negative effect of low temperature on crop yield. CDI has significant impact for yield of corn and rice in east of Songnen Plain, Sanjiang Plain and mid-level in Mudanjiang, in which the impact on rice is greater than that on corn. (5) CDI has agronomy and meteorological significance and is able to better reflect the mechanism of impact of low temperature events on crops.
Introduction
As locates in high latitude and cold area, the total grain output of Heilongjiang Province has ranked to No.1 in whole nation in 2011, playing a vital role in guaranteeing national food security. However, due to special geographical environment, limited and variable heat resources, it is one of the areas with most cold days in China, and most often of low temperature events, which even in short term, could affect growth and yield of crops at different extent during crop growth period [1] . Continuous low temperature events, namely low temperature chilling injury has an un-ignorable negative effect on stable and high yield of crops. Thus, a deep study of the rules and evolution characteristics of low temperature events during crop growth period, to determine its relation with crop yield, has precious reference value for agricultural disaster prevention and mitigation and planting structure adjustment, as well as an important practical significance in boosting sustainable development of modern agriculture and guaranteeing national food security.
Since the 1980s, studies related to the relation between climate change and agricultural production have been under a period of upsurge [2] , with diversified types and some of which were focus on impact of disasters on agriculture, In this field, various domestic and foreign experts and scholars have conducted a lot of researches on low temperature chilling injury [3] [4] [5] [6] . We can see from those studies results that, the chilling injury identification index could meet different analysis demands at different views. Since the point cut of each index is different, they all have their own characteristics, while the overall trends indicated by chilling injury identification results based on different indexes are consistent [1] .
In fact, the daily minimum temperature is actual measured value, which has larger change during growth period of crops in high altitude and cold area, and has closer relation with crop yield. However, up to now, there are still rare reports based on updated meteorological data, applied minimum temperature to study cold day index (CDI) and its relation with crop yield in cold area. Thus, based on CDI of minimum temperature, targeted in Heilongjiang region, where chilling injury occurred most, the analysis on temporal and spatial variation characteristics of delayed chilling injury during growth period of crops and study of its relation with crop yield, are expected to deeply identify essential disaster-causing factor in chilling injury, to further provide technical supports to revealing of mechanism of low temperature chilling injury, so as to provide meteorological reference for drawing on advantages and avoiding disadvantages in crop production, for planting structure adjustment and for guaranteeing national food security. Based on the geographic of studied stations, the research area was divided into four climate zones (as shown in Figure 1 ), which includes Daxing'anling and Xiaoxing'anling, Songnen Plain, Sanjiang Plain and Mudanjiang mid-level. 
Material and Methods

Data Source and Climate Zones
Research Methods
CDI could better reflect the integrated impact of low temperature events on crops. Based on research results of Wang Yanhua et al [7] , Xu Changshen et al [8] , in this Article, CDI is defined as, during crop growth period (May 20 to September 30), the total number of days with daily minimum temperature for consecutive 3 days 3 °C lower than the average of years of daily minimum temperature at that day, and the period applied in the Article is years from 1971-2000. CDI will be identified and calculated as follows:
In which, is the minimum temperature of the i day during the crop growth period in a certain year from a certain station, is the 5d sliding value of sequence of daily minimum temperature from 1971-2000 at the i day during the crop growth period a certain year from a certain station, is the number of days of CDI during the crop growth period in a certain year from a certain station and CDI is the total number of days of CDI during the crop growth period a certain year from a certain station.
Results and Analysis
CDI Time Change
During crop growth period from 1971-2014, average CDI in research area declined obviously, with tendency rate of 1.5d/10a (P<0.01), in 1970s, CDI had violent vibration, and average CDI in 1972 and 1976 continued to be more than 13d, which was typical low temperature year, which that in 1973, 1974 and 1975 did not exceed 5d. And after 1980s, CDI tended to be stable with less rangeability and most of years were kept within 2-4d (shown in Figure 2 ).
We can see that from decadal variation, overall trends of CDI in each station was declined, with maximum CDI occurring in 1970s, average value of each area were above 7d; CDI in 1980-1990s was relatively stable, declined a lot as compared with 1970s, with rate of more than 3d; since 21st century, as compared with 1980-1990s, CDI in plains continued to decline, which is different in mountain areas, CDI has no change in Daxing'anling and Xiaoxing'anling, and the trends of CDI in Mudanjiang mid-level was rising(shown in Table 1 
CDI Spatial Distribution Characteristics
We can see from Figure 3 that, CDI during crop growth period has an overall trend of more in north, less in south, more in mountain areas and less in plains, in which maximum value 9d, occurred in Mohe, north of Daxing'anling; the minimum value 2.6d, occurred in Harbin at south and Jidong at east, CDI declined from north to south, mountain areas to plains progressively, during the period, a maximum value area occurred at middle of Xiaoxing'anling, at center of it, CDI in Wuying Station, reached to 7.7d, which is close to north of Daxing'anling. We can see from area change that, CDI became from more to less from Daxing'anling, Xiaoxing'anling, Mudanjiang Mid-level, to Songnen Plain and to Sanjiang Plain. The decadal change showed that CDI of each area from different years differed in 1-2d (Table 1) . 
Impact of Minimum Temperature on Crop Field
In order to further explore the relation between climate conditions and crop yield, in this Article, 38 stations from 4 climate zones are selected for related analysis on official per unit area yield of corn and rice with CDI. We can see from Table 2 that, per unit area yield of corn and rice has obvious or extremely obvious negative correlation with CDI (P<0.05 or P<0.01). At a certain extent, the lower temperature the area has, the greater the correlation between yield and CDI will be. We can see from 
Discussion
CDI functions as monitoring such consecutive low temperature events during crop growth period and could fully reflect the occurrence of consecutive low temperature events in a certain year of a certain place, even could reflect the comprehensive impact of extreme low temperature events on crops. But the effect of low temperature monitoring of CDI at an average extent was not distinct.
As for negative correlation between crop yield and CDI, when CDI increased, per unit area yield of corn and rice would decline at different extent, once CDI increased by 1d, the per unit area yield in research area would decline by 289.4 Kg/hm 2 in average, and per unit area yield of rice would decline by 329.9 Kg/hm 2 in average, in which reduction of rice will be 40.5 Kg/hm 2 greater than that of corn, which means, at the overall level of average in research are, the impact of low temperature on rice was greater than that on corn. But in different climate zones, CDI impact on corn and rice has difference. In the two major plains in Heilongjiang Province, the decline yield of corn in most of stations in Songnen Plain was less than that of rice, while it was opposite in Sanjiang Plain, which means that at some extent, CDI impact on rice in Songnen Plain was greater than that of corn; while the CDI impact on rice yield in Sanjiang Plain was smaller than that of corn. CDI definition shows the change states of daily minimum temperature during crop growth period, with concept of "negative accumulated temperature" contained, which means the accumulated value of negative anomaly of minimum temperature. The greater the low margin of daily minimum temperature, the more the CDI accumulated days will be, means the greater the "negative accumulated temperature" will be, shows that the worse the heat states was, the greater the negative effect on crop yield will be. We can see from CDI expressions that, when CDI reached to 1d, the accumulated value of anomaly of minimum temperature during the period will be 9 °C·d greater, thus, the accumulated value of anomaly of minimum temperature has the same indicating functions on low temperature events, so it could be used in evaluation of impact of low temperature on crop yield. During crop growth period, if the accumulated value of anomaly of minimum temperature for consecutive 3d was greater than 9°C·d, it means the low temperature indicated has negative effect on crop yield.
Conclusion
(1) CDI based on low temperature has agronomic and meteorological significance, is able to express change of minimum temperature, accurately reflect difference of low temperature in different years and even characterize the mechanism of extremely low temperature events impact on crops.
(2) During 1971-2014, CDI in crop growth period showed a declined trend, in 2010s, CDI in pars of stations showed a trend of rebound, means one the one hand, CDI change has an obvious effect on climate warming, and on another hand, regional CDI has no consecutive declining, which means there is uncertainty of occurrence of low temperature chilling injury, which has further verified the results of Zhao Junfang et al [9] and Jiang Lixia et al [3] . (3) CDI could accurately characterize minimum temperature impact on crop yield, during crop growth period, results in 89 % of stations in research area showed obvious or extremely obvious negative correlation (P<0.05 or P<0.01) between CDI and per unit area yield of corn and rice, which means low temperature events have negative effect on formation of corn and rice yield. When CDI increased, per unit area yield of corn and rice would decline different extents, the greater the CDI was, the more the declining would be, showing accumulating function of negative effect of CDI. CDI has different impact in different climate zones and different crops. In general, CDI has greater impact on rice and corn in east of Songnen Plain, Sanjiang Plain and Mudanjiang mid-levels, in which CDI impact on rice is greater than that on corn. (4) CDI expresses a definition of "negative accumulated temperature", during crop growth period, if the accumulated value of anomaly of minimum temperature for consecutive 3d was greater than 9 °C·d, it means the low temperature indicated has negative effect on crop yield. (5) There is no detailed analysis of CDI impact on crop in essential breeding period, and CDI needs further optimization to promote scientificity, applicability and accuracy of indexes. Above works are still needed to be deeply studied in future.
